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MATERIALS TECHNOLOGY ADVANCEMENT PROGRAM 
FOR EXPANDABLE MANNED SPACE STRUCTURES 

( SUMMARY REPORT) 

By Kenneth L. Cordier and William B. Cross 
Goodyear Aerospace Corporation 

SUMMARY 

Existing mater ia ls  technology f o r  expandable s t ruc tures  has1been:appIied 
t o  fu l l - s ca l e  models of a i r locks ,  space s t a t i o n  modules, and lunar she l te rs .  
These models, which successful ly  demonstrated design requirements f o r  packaging, 
leak r a t e s ,  and s t r u c t u r a l  i n t eg r i ty ,  did not u t i l i z e  nonflammable materials 
and hence were not compatible with an oxygen pressurized i n t e r n a l  environment. 
This repor t  documents the  r e s u l t s  of an extensive materials screening e f f o r t  
and se l ec t ion  process, f ab r i ca t ion  of composite materials,  qua l i f ica t ion  t e s t i n g  
and a d e f i n i t i o n  of construction techniques required f o r  " f l igh t  qual i ty"  mission 
hardware. 
r e s i s t a n t  composite wal l  s t ruc tures  were evolved f o r  expandable manned space 
s t ruc tures .  

As a result of the development program, promising designs of f i r e -  

INTRODUCTION 

The materials approach used up t o  t h i s  time i n  the design of expandable 
s t ruc tures  f o r  manned space s t ruc tu re  appl icat ions is  based on a four-layer 
composite material .  This composite cons is t s  of an unstressed inner layer  
functioning a s  a pressure bladder (XPB) f o r  gas re ten t ion ,  a s t r u c t u r a l  l ayer  
(XSL) which ca r r i e s  t he  transmitted pressure loads, a micrometeoroid b a r r i e r  
(XMB) which prevents penetrat ion of the pressure bladder by high veloci ty  
p a r t i c l e s ,  and an outer cover (XOC) which encapsulates the t o t a l  mater ia l  
composite (XTC) and provides a smooth surface f o r  the appl icat ion of thermal 
control  coatings. 

The ex i s t ing  technology (Figure 1) f o r  expandable s t ruc tu re  materials i s  
represented by the combined technologies of the A i r  Force D-21 Expandable Airlock 
Experiment (Contract F33615-67-C-1380) and t h e  NASA-LRC Lunar Shel ter  (Contract 
NAS1-4277) and Moby Dick (Contract NASl-6673) s t ruc tures ,  developed by Goodyear 
Aerospace, 
layer  e l a s t i c  recovery materials concept. Compatibility with an 02 pressurized 
environment, and hence non-flammability of the materials under o r b i t a l  environ- 
ment conditions,  was not provided i n  these s t ruc tures ,  but as  a r e s u l t  of the 
newly developed nonflammable mater ia ls  techniques i n  t h i s  program, would be 
provided on fu ture  manned space s t ruc tures .  

Figure 2 depicts  t h i s  development, showing a diagram of the four- 
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Figure 1. Existing Technology 
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Rigure 2. E la s t i c  Recovery Materials Technique 

This program was i n i t i a t e d  t o  meet new and current requirements t ha t  
expandable type manned space s t ructures  be compatible with an oxygen pressurized 
environment. 

The objective of t h i s  program was t o  upgrade the development of expandable 
s t ruc tures  materials t o  a l eve l  where the technology could be applied t o  the 
fabr ica t ion  of "Flight Quality" hardware 
personnel she l te r .  Thts objective was approached wi th in  the concept of a four- 
layer materials composite (pressure bladder, s t ruc tu ra l  layer 
ba r r i e r  
(Figure 1). 
upgrading the development of t he  four-layer materials composite r e l a t ive  t o  the 

spec i f ica l ly  a habitable type lunar 

micrometeoroid 
and outer cover) previously developed i n  the  exis t ing technology 

Specif ical ly ,  the e f fo r t  was achieved i n  two ways, primarily by 
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flammability hazard, and secondly, by es tab l i sh ing  p rac t i ca l  fabr ica t ion  techniques 
log ic  fo r  t r ans l a t ing  the materials technology i n t o  a space-qualified s t ruc ture  e 

The general approach t o  the  invest igat ion was based on the  use of experi-  
mentally obtained information and NASA technical  guidelines and spec i f ica t ions  
f o r  the evaluat ian of manned spacecraft  materials.  
i n  the following phases: 

The program was conducted 

Task I - Conduct candidate materials se lec t ion  and screening. 

Task I1 - Conduct composite mater ia ls  fabr ica t ion  and qua l i f ica t ion  
t e s t i n g  

Task I11 - Define fabr ica t ion  techniques, thermal control  system design, 
and qua l i ty  assurance requirements. 

This report  i s  a summary of the de ta i led  technical  discussion of the program 
presented i n  a Separate report  (Reference 1) 

TECHNICAL DISCUSSION 

Candidate Materials Selection 

General. - A screening s tudy-for  the se lec t ion  of candidate individual  
materials with po ten t i a l  low burning r a t e s  i n  a 100 percent oxygen atmosphere 
was conducted i n  the Task I Phase. NASA guidelines and recommendations were 
used as  the bas i s  f o r  candidate materials se lec t ion  c r i t e r i a .  The program 
s t a r t e d  with an extensive search f o r  non-flammable type materials through an 
industry swvey and l i t e r a t u r e  review. Quant i t ies  of candidate materials were 
subsequently obtained f o r  screening t e s t s  which lead t o  a f i n a l  se lec t ion  of 
composite elements f o r  a 4-element composite wal l  s t ruc ture ,  

Candidate Materials Select ion Cr i t e r i a .  - The order of s ignif icance of the 
evaluation f ac to r s  a s  r e l a t ed  t o  the  candidate materials s e l ec t ion  -was ap’pliea i n  
the  following mamec. 

(1) Crew Safety ( i n  accordance with Reference 2 )  
Flammability 
Toxic Hazards 
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(2 )  Mission Success 
( a )  Ground Environment ( i n  accordance with Reference 3 )  

Humidlty e f f ec t s  

Fungus resis tance 

Mechanical propert ies  
Thermal conductivity 
Gas t ightness  
Micrometeoroid impact protect ion 
Packageab i l i t y  

b Effects of temperature extremes 

( b )  Space Environment ( i n  accordance with Reference b )  

(3) Mass Properties Efficiency 

Candidate Materials Search. - 
Industry Survey: An extensive industry wide search was i n i t i a t e d  ear ly  

i n  the  program seeking new or improved materials po ten t ia l ly  non-flammable i n  a 
6.2 psia ,  100 percent oxygen atmosphere. 
out of the survey a t  t h a t  time a s  possible candidates fo r  elements i n  a composite 
materials construction are:  

The most promising materials t o  come 

Films - Aclar 33C Elastomers - Fluorel (L-3203-6) 

Adhesives - Fluorel  (#1066) 

Fibers - Chrome1 R 

- Kapton 

Fabrics - Beta Glass 
- Ref ras i l  ( S i l i c a )  

- Sta in less  S tee l  
-'Rene 41 

Foi l s  - Aluminum 

Foams - Fluorel  (#1062-c) 
- Asbestos (K20) 

Many of the  candidate Category "A" usage materials,  investigated mainly 
on the bas i s  of the  r e s u l t s  published i n  the  COMA!l?list (Reference 5 )  were found 
t o  be flammable when t e s t e d  i n  the  GAC screening t e s t  program. 
defines materials t ox ic i ty  and flammability charac te r i s t ics  required f o r  major 
exposed materials usage i n  a crew bay atmosphere (Reference 2.). It was found 
t h a t  the r e s u l t s  of flammability t e s t s  on individual materials can of ten d i f f e r  
with a s l i g h t  change i n  processing, thickness, post cure, e tc . ,  although they 
may be acceptable when used i n  a composite construction. 

Category A 

Polymer Materials Review. - A l i t e r a t u r e  review of the newer types of 
polymers, pa r t i cu la r ly  those having known or predicted high temperature s t a b i l i t y ,  
was car r ied  out. 

Relatively l i t t l e  information has been published regarding the  behavibr of 
new polymers i n  tests fo r  flammability i n  an oxygen atmosphere. 

5 
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Information on ava i l ab i l i t y ,  fabr ica t ion  procedures, and cost  has been 
developed f o r  some of the materials considered. I n  most cases one or more of 
these l a t t e r  fac tors  a re  highly unfavorable i n  the  context of the present program. 
Only Item 1 (PBI)  and Item 8 (PI )  of the following group appear t o  be of de f in i t e  
i n t e re s t ,  f o r  possible r i g i d  s t ruc ture  appl icat ions,  such a s  terminal end r ings or 
hatches. The following l i s t  of polymers were invest igated during the  review: 

Polybenzimidazole ( PBI) 

Poly(bisbenzimidazobenzophenanthro1ine) (BBB) 

Perf  luor oa Lkylene Triazine Polymers 

Polyquinoxaline s 
Polyb e nz o t  hia z o le  

Fluorinated Polyurethanes 

Polyhydrazides-Polyoxadiazoles 
Polyimide Resins and Foams (PI )  

Ladder Polymers 

S i lazane Polymers 

Cordelan Fiber 

Phosphonitri l ic Fluorelastomer 

Thermally Treated Polymers 

Miscellaneous flame retardants  

Candiaate Materials Screening Tests and Composites Development 

Individual Materials Screening Tests. - During the  materials screening 
phase candidate films, f o i l s ,  foams, elastomers and adhesives were purchased and 
evaluated t o  e s t ab l i sh  t h e i r  s u i t a b i l i t y  f o r  use i n  a lunar she l t e r ,  Testing was 
performed t o  es tab l i sh :  

(1) 
(2)  Weight loss i n  vacuum 

(3) DTZand TGA performance 

(4) Odor charac te r i s t ics  

(5) CO and organic compound offgassing charac te r i s t ics .  

(6) Mechanical propert ies ;  such a s  , s t r e s s - s t r a in ,  low temperature 
behavior , adhesion, e t c  e 

(7) Oxygen permeability 

Flammabillty charac te r i s t ics  i n  100 percent oxygen a t  6.2 psia 

* 

*DTA - Dif fe ren t i a l  Thermal Analysis 
*TGA - Thermogravimetric Analysis 
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The r e s u l t s  of these t e s t s  were then analyzed t o  e s t ab l i sh  i f  candidate 
materials met or exceeded NASA Category A requirements (Reference 2 ) ,  and other 
baseline contractual  requirements supplied by NASA-LRC. The normal sequence f o r  
screening the  candidate materials is contained i n  Figure 3. After obtaining a 
quantity of a candidate mater ia l  a sample was subjected t o  an upward propaga- 
t i o n  flammability t e s t  i n  100 percent oxygen a t  6.2 psia i n  GAC's  laboratory 
f a c i l i t y .  Material  found t o  be non-burning o r  self-extinguishing within 0.5 
inch or l e s s  a f t e r  extinguishing the ign i to r  (Category A Requirements) was 
then fu r the r  evaluated a s  outlined i n  Figure 4. 

I n  some cases materials which exhibited slow burn cha rac t e r i s t i c s  or those 
thought t o  be the  bes t  avai lable  i n  a par t icu lar  c l a s s  (e.g., f i l m ,  foam, e tc . )  
were conditionally accepted f o r  addi t ional  screening e f fo r t s .  This conditional 
acceptance was j u s t i f i e d  on the  bas i s  t h a t  these materials would be incorporated 
in to  a composite having protect ive non-burning outer layers  and t h a t  the  composite 
would be required t o  pass the upward propagation flammability t e s t .  These 
composites were of the flame/gas ba r r i e r  type and t h e i r  development is  covered 
i n  the sec t ion  of t h i s  report  e n t i t l e d  "Development of Flame/Gas Barr ier  
composite " . 

Upward Propagation Flammability Tests: To accelerate  candidate se lec t ion  
t o  gain a b e t t e r  understanding of the var iables  which control  material  flamma- 
b i l i t y ,  GAC assembled laboratory equipment t o  evaluate the  upward burning 
charac te r i s t ics  of candidate materials i n  a 6,2 psia  100 percent oxygen en- 
v i r  onment . 

Table I summarizes the  type of material ,  source, thickness t e s t ed ,  sample 
s i ze  and mounting, i gn i to r  type, and r e s u l t s  of t he  t e s t .  

The r e s u l t s  of the  GAC study indicate  t h a t  with the exception of ce r t a in  
f iberg lass ,  asbestos, and metal c loth,  no s ingle  layer  material  was found which, 
when used i n  approximate thicknesses required, would be capable of passing the  
NASA-Category A requirements f o r  flammability. 

Vacuum Weight Loss Behavior: The r e s u l t s  of weight loss  t e s t s  conducted 
on the candidate materials were very low and within the  0.5 percent acceptable 
l i m i t .  

S t ress-Strain vs Temperature: The s t r e s s - s t r a i n  propert ies  of each 
candidate mater ia l  were determined over a broad temperature range. 

Temperature Effects  Study: To obtain a be t t e r  knowledge and c l ea r ly  
i l l u s t r a t e  the e f f e c t  of temperature on s t rength cha rac t e r i s t i c s  of s ing le  
layer  candidate materials previous s t r e s s - s t r a i n  data obtained a t  various 
temperatures (-100' F t o  250' F). were analyzed. From these data ,  p lo t s  of 
t e n s i l e  load a t  a pre-selected s t r a i n  l e v e l  as a function of sample temperature, 
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TABW I. RESULTS OF GAC UPWARD PROPAGATION FLAMMABILITY TESTS Ini 6.2 PSIA 
100% OXYGEN ON CANDIDATE SINGLE LAYER MATERIAGS 

1 

Material 

I 

Films 

J 

Aclar 33c Film 

Kapton Film 
Mylar Film 
Mylar Film (Aluminized) 
Saran Film 
Teflon, F E P F i l m  

XRP Film 
XKP Film 

Coated and Uncoated Fabric 
Fluorel (L-3203-6) Coated 
on X410 cloth 
x400 Cloth with 3310-46 -6/ 
FRGL-8 Coating 
Fluorel (No. 1076Elastomer 
on Beta Glass 
Viton 238-26-1 coated 
Beta Glass 
Fluorel Coated Beta Glass 
No. RL-3520 
Fluorel Coated on Stainless 
Steel Cloth 
Fluorel (L-3203 -6) Coated 
on asbestos Cloth 
Fluorel (RL -3489 -1 RE- 
FSET)Coated Beta Glass 

Fxberglass Cloth 116/ 
Volan A 
Beta Cloth X4484 
(Teflon coated yarn) 
Asbestos Cloth (L-69-54 
Nsvatex) 
Rend41 Clotb (0. 0016 1 
strand 200 x 200) cleaned 
in MEK 
Durette Cloth 

F=(Sponge) 
Diammonium Phosphate 
Impregnated Scott Foam 
Fluorel Sponge RL-2060 
Fluorel Sponge RL-2060 
Fluorel Sponge RL-2060 
Fluorel Sponge L-3622-3 
Fluorel Sponge # 1062-C 
Fluorel Sponge # 1062-C 
Impregnated Cellulose 
Sponge (49% w t  Diammoniui 
Phosphate) 
Fluorel Sponge L-3622-2 
LITOFLEX Asbestos Foam 
KG-25 
Cellulose Sponge (treat) 
Cellulose Sponge (untreated 
Compressed Cellulose 
Sponge (untreated) 
Compressed Cellulose 
Sponge (treated) 
Impregnated Cellulose 
Sponge (74 w t  % 
Diammonium Phosphate) 

Impregnated Cellulose 
Sponge (59 wt % 
Diammonium Phosphate) 
LITOFLEX Asbestos Foam 
K2 0 
Fluorel Sponge # 1062 -C 

Elastomers 
Fluorel Elastomer L-3203 - 
(Uncured) 
Fluorel Elastomer L-3203 - 
(Cured) 
Fluorel Elastomer L-3203 - 
(Cured) 
Fluorel Elastomer # 1059 

I 

Adhesives 

Fluorel Adhesive # 1066 
(coated on 1 mil A1 Foil) 
Fluorel Adhesive RL-3788 
(coated on 1 mil A1 Foil) 

Manufacturer or  Source 

Alliea Chem. Corp. 

E.I. dupont de Nemours 
and CO. 

1 
E. I. dupont de Nemours 
and Go. 

Raybestos -Manhattan, Inc. 

Chemstrand Research Ctr 

NASA -MSC 

E. I. dupont de Nemours 
and Co. 
Raybestos -Manhattan, lnc. 

Raybestos -Manhattan, Inc. 

Raybestos -Manhattan, lnc. 

Raybestos -Maohattan, Inc. 

J. P. Stevens and Company 

Owens/Corning 

Rayhestos -Manhattan, Inc. 

Unique Wire Go. 

Chemstrand Research Ctr 

GAC 

Rayhestos -Manhattan, Inc. 
Raybestos -Manhattan, Inc. 
Raybestos, Manhattan, Inc. 
Raybestos -Manhattan, Inc. 
Mosites Rubber Co. 
Mosites Rubber Co. 
GAG 

Raybestos -Manhattan, Inc. 
Rex Ashestwerke (Germany 

NASA -MSC 

GAC 

GAC 

Rex Asbestwerke (Germany 

Mosites Rubber Co. 

Raybestos-Manhattan, Inc. 

Raybestos -Manhattan, Inc. 

Raybestos -Manhattan, Inc. 

Mosites Rubber Co. 

Mosites Rubber Co. 

Raybestos -Manhattan, Inc. 

Approx. 
'hicknes 

In. 

0.001 

0.001 
0.001 
0.001 
0.001 
0.003 
0.0025 
0.005 

0. 011 

0.016 

0.025 

0.005 

0.005 

0.012 

0.017 

0.008 

0.003 

0.007 

0.021 

0.003 

0.016 

0. 500 

0.100 
0.050 
0. 150 
0 .  150 
0.050 
0.050 
0. 500 

0.150 
0.800 

0. 500 
0. 500 
0.500 

0.500 

0. 500 

0. 500 

0.900 

0.250 

0.021 

0.014 

0.075 

0.070 

0.003 

0.003 

Test 
Sample 
Size, In. 

2 1/2x5 

2 1/2x5 
2 1/2x5 
2 1/2x5 
2 1 /2x5  
2 1/2x5 
2 1/2x5 
2 1/2x5 

3/4x 3 1/2 

2 1/2x 5 

3/4 x 3 1/2 

3/4x3 1/2 

3/4x3 1/2 

3/4 x 3 1/2 

3/4 x 3 1/2 

3/4x 3 1/2 

2 1/2 x 5 

2 1/2 x 5 

2 1/2 x 5 

2 1 / 2 x 5  

2 1 / 2 x 5  

2 1 / 2 x 5  

3/4 x 3 1/# 
3/4 x 3 1/, 
3/4 x 3 1/, 
3/4 x 3 1/, 
3/4 x 3 1/, 
2 1/2 x 5 
2 1/2 x 5 

3/4 x 3 1/, 
3/4 x 3 1/ 

2 1/2 x 5 
2 1/2 x 5 
2 1/2 x 5 

2 1 / 2 x 5  

2 1 /2x  5 

2 1/2 x 5 

3/4 x 3 1/ 

3/4 x 3 1/ 

3/4 x 3 1/. 

3/4 x 3 1/; 

3/4 x 3 l /*  

3/4 x 3 l/, 

2 1/2 x 5 

2 1/2 x 5 

riabl 
nitor 
rPe* - 
1 

SE 

SE 

T P  
T P  

TP 

9 
T P  

Obserrations 

Very fast  burn 

Very fast burn 
Very fast  burn 
Very fast  burn 
Very fast burn 
Fast burn 
Slow burn 
Very slow burn 

Very fast  burn 

Fast burn 

Fast burn 

Fast burn 

Slow burn 

Slow burn 

Self-Extinguishing in 
about 1-1/2 inches 
Self-Entinguishing in 
tbout 1-1/2 inches 

No ignition 

Melted in ignition area 
but did not ignite 
No ignition 

No ignition 

Fast burn 

Very fast burn 

Very fast burn 
Very fast burn 
Fast burn 
Fast burn 
Fast burn 
Fa s t  burn 
Slow burn 

Slow burn 
Very slow burn 
Red glow combustion 
Very slow burn 
Very slow burn 
Very very slow burn 

Extremely slow burn 

Self -extinguishing in 
about 1.7 inches 

Self-extinguishing in 
about 2 . 7  inches 

No ignition 

No ignition 

Slow burn 

Slow burn 

No ignition 

No ignition 

Self extinguishing 

No ignition 

* T P  indicates 1 x 2 inch ti8sue paper ignitor 
SE indicates 0. 22  in. dia. x 1. 25 in. silicone elastomer ignitor 
EC indicates sample was mounted by clamping two side edges 
TC indicates sample was mounted by clamping top edge 

** 
9 



were constructed. A t yp ica l  temperature vs s t r e s s  curve i s  shown for  the 
Mosites #1062-c Fluorel  Sponge (Figure 5). 
gradual increase t o  a point where fu r the r  reduction i n  temperature br ings about 
a very sharp increase i n  s t rength due t o  a change i n  modulus of the  material .  
This change r e s u l t s  from a sudden (second order) t r a n s i t i o n  which is re fer red  t o  
as  the "glass t r ans i t i on"  (Tg);  s ince it describes a point below which molecular 
motion necessary f o r  rubber e l a s t i c i t y  ceases and the  mater ia l  begins t o  take on 
propert ies  normally associated with glass.  
t r ans i t i on"  (Tg) temperature of the Fluorel  mater ia l  t es ted ,  the slope of the  
s t rength vs temperature curve i n  the change region were extended t o  an in t e rcep t  
point as  shown i n  Figure 5. This in te rcept  point is taken as  the Tg temperature 
point e 

The curve shows a cha rac t e r i s t i c  

To determine approximate "glass 

70 
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Lu 
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v) 

w 
2 

20 
m 

4 s 10 
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Figure 5. Effect  of Temperature on Strength of 12.8 l b s / f t  3 
Mosites #1062-c Fluorel  Sponge 
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Oxygen Permeability: Oxygen permeability of various gas b a r r i e r  mater ia ls  
was measured a t  approximately 74" F on Dow gas transmission c e l l s  i n  accordance 
with ASTM D-1434-66 procedures. 
average of 10 measurements made over the  surface of the d isc ,  
a summary of the r e s u l t s  obtained. 

The thickness of each material  was taken a s  the  
Figure 6 presents 
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Figure 6. Comparison of Oxygen Permeability 

General: After considerable invest igat ion during the materials screening 
phase, it became increasingly apparent t h a t  presently avai lable  t h i n  layer  
adhesives, p l a s t i c  films, elastomeric sheets,  and sponge materials would not 
pass the  NASA Category A flammability requirements. 
avai lable  low burning r a t e  materials and s t i l l  provide a sa t i s fac tory ,  sa fe ,  
and packageable lunar she l t e r ,  a suggestion was made t o  NASA t h a t  a flame 
r e s i s t a n t  facer  sheet material  be applied t o  the oxygen s ide of the gas ba r r i e r  
subcomposite. 
ment of a flame/gas ba r r i e r  subcomposite @ 

I n  an attempt t o  u t i l i z e  

This suggestion was accepted and work was i n i t i a t e d  on develop- 

During the course of the  work, 22 candidate flame/gas ba r r i e r  subcomposites 
were fabricated and tes ted .  
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Subcomposite flame/gas b a r r i e r  systems were evaluated on the bas i s  of: 

(1) Upward flame propagation i n  100% oxygen a t  6.2 psia 
t e s t  r e su l t s .  

(2)  Special  diaphragm flammability i n  100% oxygen a t  6.2 psia 
t e s t  r e su l t s .  

Detai ls  of these t e s t s  a r e  covered i n  t h e  following paragraphs. 

Upward Propagation Flammability Tests: The upward propagation flammability 
t e s t i n g  was conducted i n  a manner s imilar  t o  t h a t  described previously f o r  the  
s ing le  layer  materials.  

A summary of the t e s t  r e s u l t s  obtained on a l l  candidates i s  provided i n  
Table 11. Examination of the r e su l t s  indicates  t h a t  with the exception of 
XPB-2, XPB-3, XPB-5, and XPB-6, a l l  subcomposites met the acceptahce require- 
ments of Category A since a l l  were found t o  be highly self-extinguishing. It 
was found t h a t  with the addi t ion of a s ingle  layer  of f o i l ,  XPB-2 and XW-3 
would a l s o  pass the self-extinguishing requirement. 

A s  experimental s tud ies  continued it was soon real ized t h a t ,  by applying 
the protect ive flame r e s i s t a n t  facer sheet materials t o  materials having low burn 
r a t e  charac te r i s t ics ,  a pressure bladder subcomposite could be developed t h a t  
would pass the upward flame propagation r a t e  requirements. 

While passage of t h i s  requirement i s  mandatory, it provided l i t t l e  insight  

The need f o r  more information i n  t h i s  area prompted t h e  
i n t o  what might happen should is sizable  f i r e  develop next to%Be surface of the 
flame/gas ba r r i e r .  
development of the  spec ia l  diaphragm flammability t e s t  e 

Pressurized Diaphragm Flammability Tests : To perform the pressurized 
diaphragm flammability t e s t ,  a 6.5-inch diameter specimen of a candidate flame/ 
gas ba r r i e r  suboomposite material ,  backed up with a s t r u c t u r a l  layer ,  i s  clamped 
i n  the double b e l l  J a r  apparatus as  shown i n  Figure 7. &standard NASA s i l icone  
rubber ign i tor  i s  then in s t a l l ed  i n  the  center of the  specimen, 1/16-inch from 
the  surface of the  material .  

~ 

Thermocouples a re  in s t a l l ed  t o  monitor flame temgerature and temperature 
of the backside of the s t r u c t u r a l  layer ,  and then the  pressure i n  both chambers 
i s  lowered t o  1000 microns Hg. The two chambers a re  then i so la ted  from each 
thher and the chamber containing the ign i tor  i s  back-f i l led with gaseous oxygen 
t o  a pressure of 6.2 psia .  

Actual t e s t i n g  of the specimen i s  i n i t i a t e d  by passing su f f i c i en t  current 
through the Nichrome wire ign i to r  holder t o  ign i t e  the s i l i cone  rubber i n s e r t ,  
and recording flame and s t ruc tu ra l  layer  temperatures., Fai lure  of t he  gas 
ba r r i e r  i s  indicated by a f a s t  increase i n  pressure i n  t h e  vacuum-side chamber. 

12 



TABLE 11. RESULTS OF GAC UPWARD PROPAGATION FLAMMABILITY TESTS I N  6.2 PSIG 
100% OXYGEN ON CANDIDATE FLAME/GAS BARRIER SUBCOMPOSITES 

b 

Material 

1 

XPB-2 
XPB-2 on 1 - m i l  
A 1  F o i l  

XPB- 3 
XPB-3 
XPB-3 on 1 - m i l  
A 1  F o i l  
XPB-3 on 1 - m i l  
A 1  F o i l  
XPB-3 on 1 - m i l  
A 1  F o i l  
XPB-3 on 20-mil 
A 1  S h e e t  

XPB-4 (Run 1) 

XPB-4 (Run 2) 

XPB-5 

XPB-6 

XPB-7 

XPB-8 (Run 1) 

XPB-8 (Run 2) 

XPB-8 (Run 3) 

XPB-8 (Run 4 )  

XPB-9 

XPB-10 (Run 1) 

XPB-10 (RUn 2)  

XPB-10 (RUn 3)  

XPB-10 ( R u n  4 )  

XPB-10 (Run 5 )  

XPB-10 (Run 6)  

XPB-11 

XPB-12 (Run 1) 

XPB-12 (Run 2)  

XPB-13 

XPB-14 (Run 1) 

XPB-14 (Run 2) 

XPB-14 (Run 3 )  

XPB-14 (Run 4) 

Approx. 
T h i c k n e s s  

I n .  

0.075 
0.076 

0.050 
0.050 
0 .051  

0.051 

0.051 

0.070 

0.075 

0.060 

0.065 

0.065 

0.075 

0.065 

0.065 

0.065 

0.065 

0.050 

0.065 

0.065 

0.075 

0.075 

0.065 

0.070 

0.090 

0.080 

0.075 

0.080 

0.075 

0.075 

0.075 

0.075 

T e s t  V a r i a b l e s  

Sample 
S i z e ,  I n .  

2 - 1 / 2 ~ 5  

2 - 1  

2-1 

x5 

x5 

I g n i t o r  
Type* 

TP 
TP 

TP 
TP 
TP 

TP 

TP 

TP 

TP 

SE 

TP 

TP 

Sample 
Mounting*i 

TC 
EC 

TC 
EC 
TC 

EC 

EC 

EC 

I 

re51 
3 b s e r v a t i o n s  

Fast Burn 
X + Y  

Slow burn  
F a s t  b u r n  
Slow burn  

F a s t  burn  

Burned i n n e r  core 

t s  
Max. H e i g h t  of Thermal 
Damage I n c h  **** 

*TP i n d i c a t e s  1 x 2 i n c h  t i s s u e  p a p e r  i g n i t o r  
SE i n d i c a t e s  0.22 i n .  dia. x 1.25  i n .  s i l i c o n e  elastomer i g n i t o r  

** TC i n d i c a t e s  sample  was mounted by c lamping  t o p  e d g e  

*** I g n i t e d  b u t  s e l f - e x t i n g u i s h e d  af ter  b u r n i n g  0.5 i n c h e s  or less 

**** Values  i n d i c a t e d  i n c l u d e  t h e r m a l  damage c a u s e d  by i g n i t o r  b u r n  

EC i n d i c a t e s  sample w a s  mounted by clamping t w o  s i d e  e d g e s  

a f t e r  e x t i n g u i s h m e n t  o f  i g n i t o r  

a l o n g  w i t h  any s e l f - s u s t a i n e d  combust ion a f te r  i g n i t o r  e x t i n g u i s h m e n t  

0.3 

0.1 

0.1 

0.1 

0.2 

0.5 

0 .8  

1 . 7  

1 .7  

1 . 7  

1.7 

0.6 

0.7 

0.7 

0 . 6  

0.6 

0.7 

0.6 

0.5 

0.5 

0.4 

0.5 

0.8 

0.8 

0.8 

0.8 
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Camera (Optional) 

r Modified Base Plate 

II Vacuum Side 

Protective Deflector 

Compre 88ed 
Oxygen 

Figure 7 4  Diaphragm Flammability Test Apparatus 
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Following the  t e s t ,  specimens a re  removed and carefu l ly  inspected t o  
determine the  extent  of t he  flame damage. The temperature t i m e  p r o f i l e s  
obtained during the  t e s t  a re  inspected t o  ensure t h a t  the  ign i to r  temperature 
was reached during the t e s t ,  and t o  document the maximum temperature seen 
by the s t r u c t u r a l  layer  during the test .  During the  XPB-14 diaphragm 
flammability t e s t s ,  the  maximum temperature seen by the  s t r u c t u r a l  l ayer  was 
approximately 250" F a f t e r  1.5 minutes s i l i cone  ign i to r  burning time. Flame 
temperature f o r  s i l i cone  ign i to r s  varied between 1500° F and 2000' F. 

A complete tabula t ion  of t he  diaphragm t e s t  r e s u l t s  obtained on various 
experimental flame/gas b a r r i e r  composites a re  presented i n  Table 111. 

Analysis of t he  data obtained shows t h a t  subcomposites XPB-7, m-8, 
XPB-10, XPB-12, XPB-13, XPB-17, XPB-18, XPB-19, XPB-20 and XPB-21 experienced 
extensive damage. However, XPB-7, XW-8, XPB-10 and XPB-13 d i d  continue t o  
maintain a gas s e a l  because the back f o i l  l aye r  was not destroyed. 
displaying the bes t  flame damage res i s tance  were XPB-11,  XPB-14, m-16 and 
xPB-22. 

Those 

Of those considered acceptable XPB-14A (Figure 8) was se lec ted  as  the best  
overa l l  candidate. This mater ia l  was r e t e s t ed  using two s i l i cone  ign i to r s  and, 
although considerable more heat energy was applied,  it s t i l l  maintained good 
i n t e g r i t y  with damage extending only through the  second aluminum f o i l  layer .  

0.0005" 1100-0 
ALUMINUM FOIL 

0.008'' FIBERGLAS 
CLOTH 

NOTE: 
0.002" MOSITE N0.1066 FLUOREL 
ADHESIVE USED TO BOND LAYERS 

Figure 8. Recommended Flame/Pressure Bladder Subcomposite 
( X P B - ~ ~ A )  
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TABLE 111. RESULTS OF DIAPHRAGM FLAMMABILITY TESTS IN 6.2 PSIA 100% OXYGEN 
ON CANDIDATE FLAME/GAS BARRIER SUBCOMPOSITES 

Material 

XPB-7 

XPB-8 

XPB-10 

XPB-10 

XPB-10 

XPB-10 

XPB-10 

XPB-11 
XPB-12 
XPB-12 
XPB-12 
XPB-12 
XPB-13 

XPB-14 
XPB-14 
XPB-14 
XPD-14 

XPB-14 

XPB-16 
XPB-16 
XPB-17 
XPB-18 
XFB-I9 
XPB-20 
XPB-21 

XPB-22 

XPB-22 

Manufacturer o r  Source 

GAC 

G -i 

NASA-LRC 
NASA-LRC 
NASA-LRC 
NASA-LRC 
NASA- LRC 
NASA-MSC 

NASA-MSC 

Approx. 
Thickness 

Inch 

0.075 

0.065 

0.065 

0.065 

0.075 

0.075 

0.070 

0.090 

0.080 
0.075 
0.075 
0.075 
0.080 

0.075 
0.075 
0.075 
0.075 
0.075 

0.034 
0.034 
0.032 
0.150 
0,020 

0.017 
0.166 
0.061 

0.061 

I t 

SE * 
SE** 

SE * 

SE si 
* SE indicates 0. 22 in. dia. x 1. 25 in. silicone elastomer ignitor 

** Two silicone ignitors used 

4pprox. Surface 
Burn Area, 
3q. In. 

2. 2 

2. 7 

1. 5 

0. 7 

2. 5 

2. 1 

2. 5 

1. 0 
1. 5 
1.3 
1.5 
1. 5 
2.4 

1.2 
1.2 
1.2 
1.2 
2. 7 

1. 6 
1.4 
*** 
*** 
*** 
*** 
*** 

Burn Depth 

rhrough all but backside 
1-mil foil layer 

Through all but backside 
1-mil foil layer 

rhrough all but backside 
1-mil foil layer 
Through all but backside 
1-mil foil layer 
Through al l  but backside 
1-mil foil layer 
Through all but backside 
1-mil foil layer 
Through all but backside 
1-mil foil layer 
Through outside foil layer only 
Through 2nd foil layer 
Through 2nd foil layer 
Through 2nd plastic film layer 
Through 2nd foil layer 
Through all but backside 
1-mil foil layer 
Through outside foil layer only 
Through outside foil layer only 
Through outside foil layer only 

Through outside foil layer only 
Very small hole thru 2nd foil 
layer 
Through outside foil layer only 
Through outside foil layer only 
Burned through all layers 
Burned through all layers 
Burned through all layers 
Burned through all layers 
Burned through all layers 
Outside Beta Glass Melted 
Slightly 
Outside Beta Glass Melted 
Slightly 

*** Specimen was extinguished with Nitrogen because of excessive burning 
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NASA-WSTF Laboratory Tests. - Selected s ingle  layer materials and 
flame/gas b a r r i e r  composites were supplied t o  NASA-WSTF Laboratory f o r  
comprehensive evaluation r e s u l t s  of the t e s t i n g  a re  tabulated i n  Table IV, 
and substant ia te  the  se lec t ion  of t h e  recommended materials.  

Composite Materials Qual i f ica t ion  

The two selected t o t a l  wal l  composites, 
t o  a s e r i e s  of tests selected fo r  qualifying 

Tests (4-Element) 

XTC-4 and XTC-6, were subjected 
them f o r  f l i g h t  un i t  applications.  

A summary of the t e s t s  performed as p a r t  of t h i s  qua l i f ica t ion  phase i s  pre- 
sented i n  Table V. 

Fabrication Techniques Development 

A s  the  materials screening phase of the program was completed, it 
became obvious t h a t  the fabr ica t ion  technique processes would be completely 
interdependent with the materials se lec t ion  i n  t r ans l a t ing  the f i n a l  upgraded 
materials i n t o  " f l igh t  qual i ty"  hardware. Therefore, based on the  r e s u l t s  of 
the Task I materials screening phase, candidate individual materials were 
selected f o r  appl icat ion i n  a t o t a l  composite wal l  construction incorporating 
the flame /ga s bar r i e r  sub compos it e (XPB -14A ) s t ruc t ura 1 l a  ye r , mic r ome t e or  oid 
ba r r i e r ,  and outer cover with thermal control  coating. Six var ia t ions of a 
t o t a l  composite wal l  design were fabricated a t  the  end of the Task I phase 
and submitted f o r  NASA-LRC consideration. A s  shown i n  Figure 9, these were 
XTC-1, XTC-2, XTC-3, XTC-4, XTC-5, and XTC-6. 

After evaluation of the  s i x  advanced t o t a l  composite wwll  constructions , 
XTC-4 and XTC-6 were mutually selected by NASA-LRC and GAC sa the  candidate 
t o t a l  composites f o r  evaluation i n  the Task I1 Qual i f ica t ion  Test Program, 
and appl icat ion t o  a lunpr  she l t e r  s t ruc ture .  The process development f o r  
the two se lec ted  t o t a l  composites proceeded i n  an order ly  step-by-step program 
during t h i s  phase, r e su l t i ng  i n  de f in i t i on  of a spec i f ic  fabr ica t ion  process 
defined i n  enough d e t a i l  t o  produce an expandable s t ruc ture  of " f l i gh t  hardware" 
Qual i ty  (Reference 1) e 

Thermal Control System Analysis 

i, A s  the  method of achieving heat t r ans fe r  i s  completely interdependent t 

with the  fabr ica t ion  technique task  of the program, the thermal control  analysis  



TABLE IV.  SUMMARY OF TEST RESULTS OBTAINED ON MATERIALS SUPPLIED TO NASA-WSTF FOR EVALUATION 

1 ?hick- 
less, I n  

(b) 
1.002 

(b) 
3.002 

0.007 

0.001 

0.050 

0.065 

0.0005 

0.75 

0.014 

0.070 

1.00 

(C)  
0.002 

0.070 

pward Flame Propagation R a t e  I n  (a) Odor T e s t  (a) 
Manufacturer 
or Source 

00% Oxygen a 

ropagat ion  
ate,  in / sec  

6.2 p s i a  
Observations Max. A 

(A) 
l a t e r i a l  

(C) 

0.9 t o s i t e s  #lo66 
? l u o r e l  Adhesive 

a -3788 F l u o r e l  
kdhesive 

81677 Beta 
Fabric 

Aclar 33c 
F i l m  

Mosites 111062-C 
F l u o r e l  Sponge 

, o s i t e s  Rubber 
'ompany, Inc .  

Laybes t o s  
lanhattan Inc.  

I. P. Stevens 
I Co., Inc .  

i l l i e d  
:hemica1 Co. 

l o s i t e s  Rubber 
:ompimy, Inc .  

Zoodyear Aero- 
space Corp. 

3.2. duPont 
le Nemours & 
:o., Inc .  

Rex Asbestwerke 
Schabisch H a l l ,  
qest Germany 

3.68 

0 .88  

0 . 0 0  

3.32 

0.390 

0 . 0 0  

3.59 

0 . 0 0  

0 . 0 0  

0 . 0 0  

50.00 

2.73 

Burned w i t h  orange flame 

Burned w i t h  orange flame 

Melting i n  immediate a r e a  
of I g n i t e r  

Burned w i t h  orange flame 

Burned w i t h  orange flame 

F a i l e d  t o  suppor t  combustion 

Burned w i t h  orange flame 

0.2 

0.2 

0 . 2  

0.3 

0 . 0  

0.1 

0 . 1  

0.2 

0.1 

0.2 

0.2 

0.2 

0.1 

0.3 

0.4 

0.4 

0.4 

0.5 

0 . 0  

0.3 

0 .0  

0.4 

0.4 

0.1 

1.3 

1.0 

0.8 

1.6 

1.6 
xpB-10 composite 

0.4  
Kapton Film 

L i t o  F lex  K20 
Asbestos Foam 

1.2 F a i l e d  t o  suppor t  combustion 

c-100-28 
R e f r a s i l  

0.4 

1.3 

F a i l e d  t o  suppor t  combustion 

F a i l e d  t o  s u s t a i n  combustion 

Burned w i t h  orange flame 

Burned w i t h  orange flame 

Hitco 

Goodyear Aero- 
space Corp. 

Merryweather 
Foam Latex Co. 

Goodyear T i r e  
& Rubber Co. 

Goodyear Aero- 
space Corp. 

XPB-14A Compositf 

A1-4 White Se 
P o l y e s t e r  Foam 

Adhesive 
AD 917 V i t e l  

XPB-14A-l(d) 
Composite 

1.4 

0.5 

- 
T o t a l  (a) 
organics ,  
pgm/gm 
ax. Allow. 

100.0 

DTA 
Temp of 
Max. Exotherm, 
OC 

Carbon (a)  

Monoxide ,, 

LX. Allow. 
25.0 

2.5 

0.9 

Pgm/gm 

1.3 

1.3 

0.8 

4.6 

2.5 

4.5 

0 .8  

0.9 

0.8 

MSC 

rest Repor 
#umber 

F lash  and (a) 

F i r e  Poin t  
Temperature 
Min. Allow. 450°F 

None t o  315°C 
No v i s i b l e  change 

TGA 

Temp of  
I n i t i a l  W t  
LOSS, oc 

255 

260 

= 315 

300 

245 

80 

75 

<25 

160 

90 

90 

t a t e r i a l  Temp of 
Max Endo- 
them., "C 

None 

None 

None 

210 

None 

None 

None 

None 

90 

None 

80 

None 

W t  I 
Change, 
% 

1 . 6  

1.7 

0.4 

13.0 

13.0 

71.0 

5.8 

15.0 

0.5 

02.0 

1.5 

290 

=. 315 

=- 315 

=. 315 

315 

=. 315 

315 

315 

9 315 

280 

315 

0.6 

0.7 

0.1 

1.1 

1.2 

0.6 

3.8 

4.6 

1.1 

15.4 

5.8 

2300 

2301 

2302 

2303 

2304 

2305 

2349 

2350 

2351 

2352 

2353 

2354 

2382 

t o s i t e s  11066 
p luore l  Adhesive 

u,-3788 F l u o r e l  
idhes ive  

31677 B e t a  
Pabric 

tclar 33c 
P i l m  

'4osites 11062-C 
Pluore l  Sponge 

KPB-10 composite 

None t o  315°C 

None t o  315OC 

None t o  315°C 
N o  v i s i b l e  change 

None t o  315OC 
No v i s i b l e  change 

None t o  3 1 5 T  
No v i s i b l e  change 

None t o  315OC 
No v i s i b l e  change 

Kapton Film 

L i t 0  F lex  K20 
Asbestos Foam 

e-100-28 
R e f r a s i l  

None t o  315OC 
No v i s i b l e  change 

None t o  315'C 
No v i s i b l e  change 
F l a s h  P o i n t ,  271'C 
N o  f i r e  p o i n t  
t o  3 1 5 T  
F l a s h  p o i n t ,  294OC 
No fire p o i n t  
t o  3 1 5 T  

XPB-14A composite 

A1-4 White Se  
P o l y e s t e r  Foam 

AD 917 V i t e l  
Adhesive 

XPB-14A-1 (d) 
composite 

1.4 1,867.0 

1.3 115.0 

( a )  Tes ted  i n  accordance w i t h  MSC-D-NA-0002 
(b) Applied t o  one s i d e  of 0.001'' t h i c k  aluminum f o i l  
( c )  Applied t o  two s i d e s  of 0.001" t h i c k  aluminum f o i l  
(d) XPB-14A-1 Same a s  XPB-14A except  processed for  

minimum adhesive s o l v e n t  entrapment 

(A) 1-part  sample atmos. t o  29-parts 0 
(e) 
(C) No d i l u t i o n  

1-part  sample a t m s .  t o  9-parts o~~ 
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TABLE v. SUMMARY OF QUALIFICATION TESTS PERFORMED ON SUBCOMPOSITE AND TOTAL COMPOSITE 
FINAL CANDIDATES 

ployment fo rce ;  
-100OF t o  75OF 

c. S i n g l e  f o l d  t es t ;  
a b i l i t y  t o  un- 
f o l d  a f t e r  7 
days a t  160°F 

d. E f f e c t  of  re- 
pea ted  c reas ing  
on gas imper- 
meabi li t y  

Micrometeoroid Impact 
NASA-MSC-LRC T e s t  

Flame/Gas S t r u c t u r a l  
Barrier, Layer,  

PB-14A XSL-3 

1. 

2 .  

3 .  

4. 

5. 

6. 

7. 

8. 

9. 

10.  

Ll  . 

12. 

13. 

14. 

15. 

Thermal/Vacuum Ex- 
posure;  5~1O-~mm Hg, 
48 hours a t  160°F 

E f f l u e n t  G a s  Analysis  
a. Odor 
b. CO 
c .  T o t a l  Organics 

P ly  Adhesion 

E f f e c t  of Thermal 
Shock; -320' F to  250" F 

S t r e s s - S t r a i n  Prop- 
ert ies -lOO°F t o  250°F 

Taber Abrasion 

Tear Resis tance 

Puncture Resis tance 

Humidity Res i s t ance  

Fungus Resis tance 

Blocking Resis tance 

S o l a r  Absorptance and 
I n f r a r e d  Emittance 
P r o p e r t i e s  

16 .  Thermal Conduct ivi ty  

X 

X 

X 
s i n g l e  
s t r a n d  @ 
75'F 

X 
combined 
wi th  flame 
gas /ba r r i e r  

icromet 
o r o i d  
arrier,  
MB- 4 

O u t e r  
Cover 
xoc-2 

Total W a l  

XTC-4 

X 

X 

X 
(20 6"x6" 
specimens 
supp l i ed  
t o  NASA) 

X 

X 

X 

X 

Composite 

XTC-6 

X 

X 

X 

X 

X 
(20 6"x6" 
specimens 
supp l i ed  
t o  NASA) 

X 

X 

X 

X 

x(3) 

X 

uper-Insulation 
Blanket  

(1) 

(2) 

X 
(206 "x6" 
specimens 
suppl ied 
LO NASA) 

X 

X 

X 

(1) Super-insulation blanket burns i n  looqb Oxygen a t  6.2 psia - not required t o  

(2) Super-insulation considered very packageable - no problems anticipated in  th i s  area 

( 3 )  Same material as  used i n  XTC-6 evaluated 

pass Category A Test 
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THERMAL CONTROL 
/COATING 

0-21 OUTER COV 

LAM INATE 1 
(NYLON FILM-CLOTH 

NOTE: 
XPB-14 FLAME/GAS BARRIER .V ITEL POLYESTER I 
COMPOSITE CONSTRUCTION ADHESIVE USED. 

X T C - 1  

THERMAL CONTROL 
COATING 

OUTER COVER 
(ACLAR / BETA 
FABRIC LAM IN  ATE 1 

NTERLAYER 

XPB-14 FLAME/GAS BARRIER NOTE: 
COMPOSITE CONSTRUCTION MOSITES 1066 FLUOREL INTERLAYER 

ADHESIVE USED. 

XTC-2 

Figure 9. Advanced Composite Wall Constructions (Sheet 1) 
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,THERMAL CONTROL 
COAT I N  G 

OUTER COVER 
(ACLAR/BETA 
FABRIC LAMINATE) 

2l' 

PRESSURE 4 
LOAD 
STRUCTURE 
CHROMEL R 
FILAMENT 

MICROMETEOROID BARRIER 
XPB-14 (SUPER INSULATION-ALTERNA1 
BARRIE LAYERS 1/2 MIL METALLIZED 
CONSTR KAPTON WITH 25 M I L  

URETHANE FOAM) 
DENSITY 3 P C F  

NOTE.. 
MOSITES 1066 FLUOREL INTERLAYER 

ADHESIVE USED. 

XTC -3 

THERMAL CONTROL 
COATING 

OUTER COV 
(ACLAR/BET 
FABRIC 
LAMINATE) 

BARRIER 

XPB-14 FLAME/GAS BARRIER NOTE: 
COMPOSITE CONSTRUCTION MOSITES 1066 FLUOREL 

INTERLAYER ADHESIVE USED 

XT C- 4 
Figure 9. Advanced Composite Wall Constructions (Sheet 2)  

21 



THERMAL CONTROL 
COATING 

OUTER COVER 
(ACLAR / BETA 
FABRIC LAMINATE) 

CHROMEL R FILAMENT 
WIRE (ALTERNATE 
RENE 41 W I R E )  

XPB-14 FLAME/GAS BARRIER 
COMPOSITE CONSTRUCTION 

XTC-6 
NOTE: 

0,002" MOSITES N0.1066 FLUOREL 
ADHESIVE USED TO BOND LAYERS 

THERMAL CONTROL 
COAT I NG 

MOSITES 1066 FLUOREL 
INTERLAYER ADHESIVE 

Figure 9. Advanced Composite Wall Constructions (Sheet 3) 

22 



e f f o r t  deals  primarily with determining heat t ransfer  r a t e s  a s  r e l a t ed  t o  t o t a l  
composites XTC-4 and XTC-6 mutually selected by NASA-LRC and GAC a s  the most 
promising candidate s t ruc tures .  Requirements f o r  heat t ransfer  between t h e  
inner and outer surface of the  composite wal l  s t ruc ture  a re  r e l a t ed  t o  the  
magnitude of external  and in t e rna l  heat  loads. 
def in i t ion  of thermal control  f o r  lunar she l t e r  missions have indicated the 
requirements f o r  heat  t ransfer  range from low values for  low temperature environ- 
ments, and low in t e rna l  heat  loads t o  high values fo r  high temperature environ- 
ments and high in t e rna l  heat  loads. Consequently, two d i f f e ren t  thermal control  
system concepts were analyzed f o r  the program, defined as  quasi-passive and 
act ive.  

Studies directed towards the 

Quasi-passive. - This system w i l l  use the she l t e r  a s  a space rad ia tor  
fo r  r e j ec t ing  the  in t e rna l  generated heat  loads,  and i s  r e l a t ed  t o  the  XTC-6 
t o t a l  composite concept f o r  heat t r ans fe r  requirements. 

Active. - This system w i l l  require some type of external  heat exchanger 
where t h e  in t e rna l  heat energy a s  well  as  t he  penetrated energy through the  
she l t e r  walls must be diss ipated.  This thermal control  system i s  re la ted  t o  
%he XTC-4 t o t a l  composite concept f o r  heat t ransfer  requirements. 

The magnitude of maximum and minimum l i m i t s  of heat t ransfer  a t ta inable  
with each of the XTC-4 and XTC-6 t o t a l  composites is  expected t o  provide most 
ranges of heat t ransfer  ant ic ipated f o r  fu ture  space mission s t ruc tu ra l  design 
requirements. Experimental t e s t  procedures and r e s u l t s  fo r  thermal conductivity 
are  detaf led i n  Reference 1. 

Inspection and Qual i ty  Assurance Analysis 

A program plgn fo r  methods of inspection and qua l i ty  assurance i s  def i=d 
i n  su f f i c i en t  d e t a i l  i n  the  Reference 5 f f n a l  report  f o r  implementation with 
the  fabr ica t ion  process ins t ruc t ions ,  f o r  production of " f l i gh t  hardware" 
qua l i ty  space s t ruc tures .  

CONCLUSIONS AND RECOMMENDATIONS 

A s  a result of the  log ica l ly  phased development program of candidate 
materials se lec t ion  and screening t e s t s  and qua l i f ica t ion  t e s t i n g  of t o t a l  
composites, very promising conceptual designs for  composite wal l  s t ruc tures  
were evolved applicable t o  expandable space s t ruc tures . .  Two concepts of t o t a l  
composite wal l  construction a re  recommended, i den t i f i ed  as  XTC-4 and XTC-6 
(Figure 9) .  I n  composite XTC-4, the  micrometeoroid ba r r i e r  i s  provided as a 
bu i l t - i n  "layer" of the t o t a l  composite, and i n  composite XTC-6, the  primary 
micrometeoroid ba r r i e r  i s  provided ex ter ior  t o  the  expandable s t ruc ture ,  such 
as  a "pup t e n t "  overlay. 

Although the primary objective i n  the  program was t o  upgrade expandabla- 
type materials r e l a t i v e  t o  the  flammability hazard as  applied t o  the fabrica-  
t i o n  of composite wall  s t ruc tures ,  many of the  materials t h a t  were found 
acceptable f o r  the  t o t a l  composites could a l s o  serve as  candidates fo r  other 
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space s t ruc ture  mater ia l  categories;  e.g., cur ta ins  and bunks or other 
f l ex ib l e  type mater ia l  furnishings.  Also, other candidate materials evalu- 
a ted i n  the survey such a s  the  PBI polymer could provide a non-flammable r i g i d  
type res in- fabr ic  laminate where required f o r  terminal end r ings,  hatches or 
other r i g i d  s t r u c t u r a l  appl icat ions.  

On the bas i s  of t he  r e s u l t s  of the candidate mater ia ls  se lec t ion  and 
screening t e s t  e f f o r t ,  it i s  concluded t h a t  present ly  there  a r e  no ava i lab le  
p l a s t i c  films, f l ex ib l e  adhesives, or t h i n  gage elastomers t h a t  w i l l  s a t i s -  
f a c t o r i l y  meet the  Category A Upward (Flame) Propagation Rate Test requirements. 

Extensive development and t e s t  e f f o r t s  conducted during t h e  program have 
shown t h a t  it is  f eas ib l e  t o  construct the major subcomposite of the  wal l  system, 
such as the flame/gas b a r r i e r ,  from a combination of nonflammable materials and 
materials with slow, i n  oxygen, burn r a t e s  i n  such a manner t h a t  the component 
w i l l  pass an upward flame propagation t e s t .  It has a l s o  been shown t h a t  con- 
s iderable  improvement i n  res i s tance  t o  f i r e  and heat damage i s  obtained through 
the use of a 3-layer "flame ba r r i e r "  element. 
aluminum fo i l /Re f ra s i l  cloth/aluminum f o i l  proved t o  be the  bes t  of the  severa l  
investigated.  Due t o  the high melting point  of the Ref ra s i l  c lo th  and the heat 
sink cha rac t e r i s t i c s  of the aluminum f o i l  t he  system affords  excel lent  shielding 
f o r  only a small addi t iona l  weight. 

This element, consis t ing of bonded 

I n  view of the excel lent  performance of the "flame bar r ie r" ,  it i s  possible 
t h a t  t h i s  concept might be applied t o  other design areas  such as ,  a i r c r a f t ,  
diving chambers , t e s t  chambers, e t c .  

While a la rge  number of standard NASA t e s t s  were applied during the  evalua- 
t i o n ,  it was f e l t  t h a t  due to  the unique cha rac t e r i s t i c  of expandable she l t e r s ,  a 
spec ia l  t e s t  should be conducted t o  simulate what would happen i f  a s izable  f i r e  
developed next t o  the surface of t he  s h e l t e r  wall .  This t e s t ,  re fe r red  t o  a s  a 
Pressurized Diaphragm Flammability Test, proved highly informative and grea t ly  
a s s i s t ed  i n  the development of f i n a l l y  se lec ted  XPB-14A flame/gas b a r r i e r  design. 
It i s  recommended t h a t  t h i s  system, or one s imi la r ,  be adopted by NASA t o  evaluate 
fu tu re  expandable s t ruc ture  wal l  materials.  

The low temperature deployment i s  now considered t o  be the  most c r i t i c a l  
requirement! f o r  any expandable type space s t ruc ture .  The cold temperature behavior 
of the selected t o t a l  composites XTC-4 and XTC-6 was invest igated during the qual i -  
f i c a t f o q  t e s t  phase of the  program. A spec ia l  fo ld  t e s t  conducted on t o t a l  
composite specimens XTC-4 and XTC-6, indicated they would have a sa t i s f ac to ry  low 
temperature deployment capabi l i ty  t o  -5°F and with possible deployment capabi l i ty  
extending t o  a maximum of -43" F. It i s  recommended t h a t  fu r the r  inves t iga t ion  
of low temperature deployment capabi l i ty  of the  XTC-4 o r  XTC-6 t o t a l  composites 
be invest igated i n  the  form of a three-dimensional expandable s t ruc ture ,  so a s  t o  
narrow down the  c r i t i c a l  deployment temperature range e 
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Compatibility of t he  selected XTC-4 and XTC-6 t o t a l  composite materials 
was a l so  resolved with the  other interdependent areas  of fabr ica t ion  processes, 
thermal cont ro l  heat t ransfer ,  and qua l i ty  assurance implementation. A s tep-  
by-step spec i f i c  fabr ica t ion  process i s  defined i n  enough d e t a i l  t o  produce 
an expandable s t ruc ture  of " f l i gh t  hardware" quali ty.  The magnitude of maxi- 
mum and minimum l i m i t s  of heat t r ans fe r  a t ta inable  with each of the XTC-4 
and XTC-6 t o t a l  composites i s  expected t o  provide most ranges of heat t rans-  
f e r  ant ic ipated fo r  fu ture  space mission s t r u c t u r a l  design requirements. A 
method of inspection and qual i ty  assurance program i s  defined i n  d e t a i l  fo r  
implementation with the fabr ica t ion  process for  production of a " f l i gh t  
hardware" qua l i ty  space s t ruc ture .  

A s  a r e s u l t  of program achievements, an updated expandable s t ruc ture  
technolow i s  now avai lable  for  manned space mission applications such as  
auxi l iary space s t a t i o n  s t ruc tures ,  a i r locks ,  lunar she l te rs ,  or other space 
s t ructure  applications t h a t  require expansion i n  one piece from a small 
package i n t o  a la rger  dimension. Furthermore, while the strength-to-weight 
r a t i o  comparison of expandable vs conventional hard s t ruc tures  a re  nearly 
equal, s ign i f icant  weight savings can be made with the expandable s t ruc ture  
design. This i s  due t o  the expandable s t ruc tures  low packaging volume 
resu l t ing  i n  smaller drag area exposed during the launch phase with 
correspondingly smaller shroud area and s t ruc tu ra l  loads. 

This program herein was i n i t i a l l y  Phase I of a proposed two-phase e f f o r t  
of development. Phase I1 was proposed as  p rac t i ca l  appl icat ion of the  Phase I 
e f f o r t ,  t o  be demonstrated by the  fabr ica t ion  and t e s t  of a "second generation'' 
space s t ruc ture  of " f l i gh t  hardware" quali ty.  
ow and advancement has been successfully completed i n  t h i s  program e f f o r t ,  it 
i s  strongly recommended t h a t  the  Phase I1 "f l igh t  quali ty" hardware program 
f o r  a representat ive type expandable s t ruc ture  be implemented a t  the e a r l i e s t  
possible date ,  so as  t o  provide a s o l i d  technology f o r  the development of 
mission-oriented space hardware. 

A s  the  Phase I materials technol- H- 
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